1. The intake of mammary secretion from delivery to day 5 post-partum was determined by test-weighing nine infants using an integrating electronic balance. The mean yield of colostrum for the first 24 h after birth was 37.1 (range 7.0-122.5) g and was 408 (range 98.3-775) and 705.4 (range 452.5-876) g/24 h on days 3 and 5 post-partum respectively.
The abrupt increase in the concentration of lactose in the mammary secretion just before parturition has been shown to be a useful indicator of the increase in the synthetic activity of the mammary glands of rats (Nicholas & Hartmann, 1981) and cows (Hartmann, 1973) during the initiation of lactation. In contrast to other species, the concentration of lactose in the mammary secretion of women remains low during late pregnancy and increases abruptly between 30 and 40 h after parturition . However, the mothers' observation of the timing of milk 'coming in' suggests that the initiation of lactation begins 72 h after giving birth in most women .
Roderuck et al. (1946) measured milk yield in ten women who fully expressed their breasts for the first 10 d post-partum. These workers reported that women were able to express an average of only 35-6 ml milk from their breasts during the first 24 h after birth compared with 577.7 ml on the 3rd day post-partum. Although these findings are consistent with the change in the concentration of lactose observed by Kulski & Hartmann (198 l) , they do not agree with the mothers' observation of the time of milk 'coming in' ).
An integrating electronic balance was used in the present study to measure the intake of mammary secretion by the infant from birth to day 5 post-partum. These measurements permitted the relationships to be established between the increase in milk yield and the progressive changes in milk composition (particularly lactose) during the initiation of lactation in women. breast-feed. All the women had normal deliveries at term. Details of the mothers studied and medications administered during and after labour are shown in Table 1 . All mothers studied were discharged from the maternity hospital fully breast-feeding their infant and were fully breast-feeding their babies when studied on either day 14 or day 28 post-partum. Milk yields and samples taken during the first 24 h following delivery were designated 'day 1 '.
Milk yield
The milk yield of each mother was determined by the increase in weight of the infant at each breast-feed from delivery to day 5 post-partum inclusive. Test weighings from delivery to day 5 post-partum were performed in the maternity hospital (King Edward Memorial Hospital for Women, Western Australia) using the integrating electronic balance (K36 Mettler balance; Watson Victor, Australia). The mothers were assisted with the infant test-weighings immediately after delivery, thereafter most of the weighings were recorded by the mothers. Two mothers withdrew after completing day 3 of the study. One woman withdrew after completing day 5 of the study. The three women who withdrew from the study all continued to breast-feed their infants successfully but terminated their involvement because: the study was too demanding (A5) ; mother discharged herself from hospital (A4); mother moved away from Perth (A3). Six women participated in a follow-up study performed in their homes on either day 14 or day 28 post-partum. The milk yield of the mothers participating in the follow-up study was determined by measuring the decrease in the weight of the mother at each breast-feed over a period of 24 h with a beam balance (type 3550-AAA balance; Avery Australia Limited) (Rattigan et al. 1981) .
Four mothers (Ml, M2, M3 and M4 aged 32, 26, 26 and 27 years respectively; parity 2, 1, 1 and 1 respectively) participated in a study to compare the two methods used to measure milk yield. The mother's decrease in body-weight during each breast feed was determined using the method of Rattigan et al. (1981) and the increase in the body-weight of her infant was also determined on the Mettler integrating balance. A total of forty-two paired weighings were performed. Milk yield measured by the increase in infant weight was closely related to that measured by the decrease in maternal weight ( Fig. 1; r 0- weight and Y is the decrease in maternal weight. The errors for the intercept and the slope together with the sample standard deviation of the regression coefficient were 12.7, 35.9 and 0.098 respectively. Milk composition Samples of mammary secretions (0.1-0-5 ml) were collected by manual expression from the right and left breasts before (fore-sample) and immediately after (hind-sample) breast feeds from delivery to day 5 post-partum. Mothers A, and A, collected fore-and hind-samples from the right and left breasts at each feed for the period studied. Mothers A,, A,, and A,, collected samples from each breast at twelve-hourly intervals from delivery. Mothers A,, A, A, and A, did not collect milk samples for analysis.
The concentration of lactose and total protein in the milk samples was assayed as described previously (Hartmann & Kulski, 1978) . Total triglyceride concentration of the fore-and hind-milk samples was analysed using a modification of the method of Martin (1975) .
Estimation of the average concentration of fat in the milk taken in by the infant at each breast feed (mixed milk) was calculated using the following equation : where XI is the triglyceride concentration in fore-milk, X , is the triglyceride concentration in hind-milk and Y is the triglyceride concentration in mixed milk. The equation was derived by S. Rattigan and P. E. Hartmann (personal communication) from the relationship between the concentration of fat in fore-, hind-and mixed milk from six women who fully expressed one of their breasts at intervals of 4 h for 24 h. The energy content of breast milk was calculated by assuming the energy content of milk lactose, protein and fat to be 17-4,23-4 and 39 kJ/g respectively (Maynard & Loosli, 1956 ).
Statistical analyses
All statistical analyses including standard deviation and standard error of the mean, Student's t test and correlation coefficient were performed as described by Snedecor & Cochran (1 978). 
RESULTS

Milk yield
The daily milk yield for each of the women studied is shown in Fig. 2a . The mean yield of colostrum for the first 24 h after birth was 37.1 (range 7-122.5) g and this increased to 408 (range 98.3-775) g/24 h on day 3 post-partum. By days 14 and 28 post-partum milk yields were 1.156 (SD 0.167) kg/24 h.
A comparison between the mean daily milk yields for the present study and those obtained from the breast-expression studies of Roderuck et al. (1946) is presented in Fig. 2b . During the first 5 d post-partum there was no significant difference between the mean daily yields obtained by suckled infants and by breast-expression.
Feeding frequency
The first breast-feed commenced within 60 min of delivery and the newborn infants obtained 2.2 (range 0-5.0) g of mammary secretion at this feed. The infants breast-fed an average of six times in the first 24 h (range three to eight). The feeding frequency increased to more stable levels on day 2 post-partum with a mean of 7.6 feeds/24 h (range five to ten).
There was no significant correlation between milk yield and feeding frequency for the first 5 d post-partum; however, by day 14 and day 28 there was a significant positive correlation ( P < 0-05; r 0.78, n 6) between milk yield and feeding frequency.
Milk composition
The mean daily changes in the concentration of lactose, total protein and fat in the mammary secretions of five women are shown in Fig. 3 . The concentration of lactose increased from The concentration of total protein fell from 65.6 (SD 27.0) g/1 on day 1 to 24.6 (SD 7.0) g/1 on day 3. On day 5 the total protein concentration in breast milk samples was 23.5 (SD 8) g/l. There was a significant negative correlation (P < 0.001) between total protein concentration in breast milk and milk yield (r-0.74, n 22).
The concentration of fat in mammary secretions collected by women on day I was 17-7 (SD 5.2) g/1 and was 20.3 (SD 13.4) g/1 on day 3 and rose to 24.4 (SD 5.2) g/1 on day 5 post-partum. No significant correlation was found between fat concentration in breast milk and milk yield for the first 5 d post-partum. 
Energy intake
Infant growth
Infant weight from birth to 4 weeks post-partum is shown in Fig. 4 . The mean birth weight of infants studied was 3-59 (SD 0.35) kg. There was considerable variation in growth between infants. Whereas the infants of mothers A, and A, increased in weight from the time of birth to discharge from hospital, infants of mothers A,, A, and A,, lost weight over the same period and one infant had only a small increase in weight over the 4-week period. Neither this infant nor its mother (A,,) showed any sign of illness during the study.
There was a significant positive correlation between the daily increment change in weight of the infants and the total milk yield over the first 5 d (P c 0.01 ; r 0.88, n 7) , that is, infants of the mothers with the highest milk yield tended to lose less weight over the first week after birth.
DISCUSSION
The most commonly used method of determining milk production for women who breast-feed their infants is the test-weighing procedure (Lonnerdal et al. 1976; Whitehead & Paul, 1981) . This method involves weighing the infant before and after a breast feed, and the increase in infant weight is considered to be the milk yield of the mother. The movement of the infant and lack of sensitivity of conventional balances has limited the accuracy of this method (McClelland et al. 1978) . The development of the integrating electronic balance permits the accurate measurement of infant weight under conditions of moderate infant movement. However, in our hands even the integrating electronic balance cannot tolerate movements of older active infants (more than 4 months of age) and therefore we have used the change in maternal weight before and after breast-feeding to measure milk production during established lactation in women (Rattigan et al. 1981) . A significant ( P c 0.001) correlation, r 0.85, was found between the milk yield measured by the increase in infant weight using the integrating electronic balance and the decrease in maternal weight (Fig.  1) . The slightly higher yields obtained by test-weighing the mother were probably due to sweating and insensible water losses which would tend to provide an overestimate of milk yield when the mother was test-weighed and an underestimate of milk yield when the infant was test-weighed. Nevertheless, these findings confirm that it is possible to obtain a similar estimate of milk consumed by the infant by test-weighing either the mother or the infant. All infants in the present study were breast-fed within 60 min of delivery. The colostrum intake at this initial breast-feed was 2.2 (range 0-5.0) g. This probably represented an underestimate of milk intake as surface evaporation losses from the infant would be expected to be higher immediately post-partum. The average milk intake at each breast-feed during the first 24 h after birth was only 6-0 g. As a result the infant's energy intake during the first 24 h of life was only 0.12 (range 0.02-0.29) mJ for these infants who were breast-fed on demand from birth. Even this value may be an overestimate of energy intake since immunoglobulins form a large proportion of the protein fraction at this time (Kulski & Hartmann, 198 1) and the nutritive value of immunoglobulins to the newborn is not known. Metabolically, this low energy intake appears to be an undesirable situation because the infant's high value for the ratios, surface area: body-weight and head size: body size, and high critical temperature suggest that the infant would have a high demand for energy at this time. However, it is possible that the high concentration of antimicrobial proteins in a relatively small volume of secretion facilitates the efficient protection of the gastrointestinal and respiratory tracts at this time (Watson, 1980) .
Milk yield increased rapidly after the 1st day post-partum and by day 5 had reached 844-876g/24 h in four of the women (Fig. 2a) , that is, a value considered to be the maximum milk yield for women by many current workers (Whitehead, 1982) . Three women (Az, A, and A5) had significantly lower milk production on day 3 post-partum (Fig. 2a) . However, the mother (A,) who remained in our study achieved normal milk yield by 14 d post-partum.
The only previous information on milk yield in women from delivery was published in 1946 (Roderuck et al. 1946 ) and obtained from mothers who fully expressed their breasts for the first 10 d of lactation. There was no significant difference between the day-by-day milk yield for the first 5 d post-partum between these mothers and the mothers in the present study (Fig. 2b) 
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breast-milk yield from breast-feeding mothers from 2 to 28 d post-partum are also in agreement with the present study. Furthermore, there was no significant difference between the milk yield reported by Roderuck et al. (1946) for mothers at 10 d of lactation and the values observed at either 14 or 28 d post-partum (Fig. 2b) , and these values were similar to those observed for Australian women at 1 month of lactation (Rattigan et al. 1981) .
The increase in milk yield during the first 5 d of lactation was correlated (r 0.76) with the increase in the concentration of lactose in the mammary secretion (Figs 2a and 3) . This relationship confirms the conclusion that the increase in the concentration of lactose in milk after birth provides an estimate of the timing of lactogenesis in women as in other species (Hartmann, 1973; Nicholas & Hartmann, 1981) . Although the lactose and fat profiles appear similar (Fig. 3) , the increase in milk yield was not correlated with the increase in the concentration of fat in the mammary secretion. This apparent anomaly may be explained by the larger coefficient of variation (average 47%) for the mean concentration of fat for the first 5 d of lactation compared with lactose (average 25%). Whereas the initial increase in milk yield occurred on the second day after delivery (Fig.  2 4 , the mothers' observation of the acute feeling of milk 'coming in.' occurred on the 3rd day post-partum in most women (Kulski et al. 198 1) . Although not all women who breast-fed their babies from birth sensed milk 'coming in', some of the mothers noted that milk yield increased before they sensed milk 'coming in '. These observations support our earlier suggestion (Kulski et al. 1977 ) that milk 'coming in' is a separate event to physiological lactogenesis in women. The physiological process leading to the acute sensation of milk 'coming in' remains unresolved.
The energy intakes for the infants when expressed as mJ/kg per 24 h for either days 14 or 28 after birth are within the range calculated by Rattigan et al. (1981) for infants at 1 month after birth. However, the energy intakes are higher than the accepted values of Fomon (1964) and that recommended by WHO/FAO (1973) of 0.5 mJ/kg for male infants during the first 2 months after birth. Furthermore, it has been suggested by Yeung et al. (1980) and Whitehead & Paul (198 1) that the latter recommendation is too high. However, the recent important findings of the dependent relationship between energy intake and the protein concentration in the diet in piglets (Williams, 1982) suggest that a reappraisal of infant feeding is required, particularly in view of the fact that human breast milk has one of the lowest concentrations of protein of any milk (Evans, 1959) .
